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Urban Resource flow 
A B S T R A C T   
Many studies examine the correlation between the use of resources such as water, energy and land, and the 
production of food. These nexus studies focus predominantly on large scale systems, often considering the social 
dimensions only in terms of access to resources and participation in the decision-making process, rather than 
individual attitudes and behaviours with respect to resource use. Such a concept of the nexus is relevant to urban 
agriculture (UA), but it requires customisation to the particular characteristics of growing food in cities, which is 
practiced mainly at a small scale and produces not only food but also considerable social, economic, and 
environmental co-benefits. To this end, this paper proposes a new conceptual basis for a UA Nexus, together with 
an assessment methodology that explicitly includes social dimensions in addition to food, energy and water. The 
conceptual basis introduces People, together with Food, Energy and Water, as a fundamental factor of the UA 
Nexus. On this basis, a methodology is developed measuring not only resource efficiency and food production but 
also motivations and health benefits. It comprises a combination of methods such as diaries of everyday UA 
practices, a database of UA activities, life cycle assessment (LCA), and material flow analysis to connect in-
vestigations developed at a garden scale to the city scale. A case study shows an application of the methodology.   
1. Introduction 
Demographic growth projections suggest that global population will 
reach 9 billion by 2050 (United Nations, 2004), with increase food de-
mand of approximately 60 % (FAO (Food and Agriculture Organization), 
2011). Agriculture is resource intensive, using 70 % of the total global 
freshwater withdrawn (FAO (Food and Agriculture Organization), 
2011). Mueller et al. (2012) show that there are imbalances in fertiliser 
and water use, with dramatic overuse in China and underuse in Eastern 
Europe. A proper redistribution of resources would reduce waste and 
increase yields up to 30 % (Pfister et al., 2011) if water use is intensified 
in regions with insufficient irrigation. Water is also key to energy 
generation, which in some cases must compete with food production. 
Yet, in policy and industry, water and energy infrastructure are rarely 
integrated and rationalised. Similarly, food production is rarely exam-
ined in connection with infrastructure such as hydroelectric plants. 
Optimising the nexus between food, water and energy can therefore lead 
to significant savings while increasing production (FAO (Food and 
Agriculture Organization), 2014). A growing number of researchers are 
studying these links, broadly termed the “Food-Energy-Water Nexus” 
(FEW nexus). 
Urban Agriculture (UA) is a form of food production on urban and 
peri-urban land at different scales, involving diverse production tech-
niques, economic models and actors. Types of UA include allotments 
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cultivated by individuals, community gardens managed by local groups 
and social enterprises, and cooperatives or commercial farms selling 
their produce. Benefits generated by UA can include food security, 
enhanced biodiversity, job provision and opportunities to intensify so-
cial interaction (Borysiak et al., 2017; Warren et al., 2015; Cohen et al., 
2012; Hampwaye, 2013; Travaline and Hunold, 2010; Holland, 2004). 
Potential threats include produce contamination, mainly linked to soil 
pollution (Wortman and Lovell, 2013; Romic and Romic, 2003). Like 
conventional agriculture, resource access is vital (Cohen and Reynolds, 
2015). UA can tap into and use urban wastes such as rainwater, grey-
water, food waste and heat from buildings as resources (Weidner and 
Yang, 2020) and substantially lower its environmental impact. 
Conversely, if urban wastes are not used, UA can generate an equivalent 
or even greater environmental impact than conventional agriculture 
(Goldstein et al., 2016a, 2016b). 
FAO recognises urban farming’s importance in its recent framework 
for the Urban Food Agenda (FAO, 2019), mainly its potential to alleviate 
food poverty, although it can also be a nature-based solution to complex 
urban challenges such as climate change, food security, biodiversity and 
ecosystem services, public health and resource efficiency (Artmann and 
Sartison, 2018; Roberts and Shackleton, 2018). Gardens help overcome 
loneliness and exclusion, and aid development of horticultural skills, 
feelings of happiness and self-worth (Mourão et al., 2019; Van Tuijl 
et al., 2018; Armstrong, 2000). They provide spaces and activities to 
address race, class, and gender inequities (Reynolds and Cohen, 2016). 
In short, urban food production becomes the catalyst for social activities 
that otherwise struggle to find space to thrive (Caputo et al., 2020). In 
this respect, we hypothesise that understanding the FEW nexus in UA 
must include resource use, social interactions, and other immaterial 
benefits connected with urban food growing. 
Researchers have developed frameworks or tools to identify pro-
ductivity, although not from a nexus perspective and rarely together 
with social and ecological benefits. Frameworks for assessing and/or 
implementing the nexuscould be useful to assess UA, but they focus on 
large-scale intervention, with fewconsidering the urban scale (Zhang, 
2013). A tool for measuring the nexus in UA practices is needed. To 
address this need, the FEW-meter project (www.fewmeter.org) has 
developed a framework combining qualitative and quantitative in-
dicators of many dimensions of UA. To develop this framework, the 
following questions were investigated:  
● Is the concept of the nexus, which was developed for large scale food 
systems, appropriate for UA practices significantly different from 
industrial food production in scale, quantities produced and 
purpose?  
● What can be learned from existing nexus concepts and how can this 
be tailored effectively to UA practices? 
● How can existing and novel indicators and methods capture associ-
ations between resource use, production and social benefits? 
To answer these questions, Section 2 explains the nexus concept and 
reviews several nexus frameworks developed to assess UA. Based on this 
review, in Section 3, we outline the idea and methodology for a UA 
nexus assessment framework. In Section 4, we present the preliminary 
results of a case study employing this framework, and conclude in Sec-
tion 5 by discussing their implications for future UA research and policy. 
2. Literature review: Nexus conceptualizations and methods 
2.1. The food-energy-Water Nexus 
The conceptualisation of a nexus between food, energy and water 
appeared in the early 1980s, initially in programmes developed by the 
United Nations University (Al-Saidi and Elagib, 2017). In 2008 this 
concept was debated at a policy and industry level when the World 
Economic Forum introduced the nexus as a way to investigate the 
threats of resource scarcity and climate change for global food security. 
The nexus was further discussed and promoted in the World Economic 
Forum 2011 and in two dedicated conferences in Bonn (2011 and 2014) 
that discussed the challenges of implementing nexus policies through 
effective decision-making processes (Daher and Mohtar, 2015). 
The nexus is present at many levels in our lives and is embodied in 
diverse goods and processes, which adds challenges to identifying cor-
rect optimisation approaches. At a national level, it is easy to view the 
nexus simplistically as, for example, irrigation for agriculture, water 
producing energy and energy deployed for food production, processing 
and distribution. However, more subtly, the nexus affects elements like 
the demand for biofuels (energy and food), deforestation and carbon 
sinks (FAO (Food and Agriculture Organization), 2008). It can also 
impact the distances between food production and consumption, 
resulting in larger food miles and energy intensive produce (Edwards--
Jones et al., 2008), or the demand for and cultivation of water-intensive 
crops (Allouche et al., 2014). Within the policy realm, some countries 
provide energy subsidies to agriculture, reducing the cost of pumping for 
irrigation, thus exacerbating groundwater depletion (Bhaduri et al., 
2015). Policies rarely take an integrated approach to all elements of the 
nexus (Gain et al., 2015). 
Current nexus research demonstrates that there is no unified concept 
but rather several interpretations of the nexus (Dai et al., 2018; Galaitsi 
et al., 2018). Appendix 1 shows a summary of some nexus studies and 
tools, indicating their analytical scope and methodological approaches. 
The table includes papers reviewed because they are important to 
developing the UA Nexus framework. For further reference, Newell et al. 
(2019) completed a literature review of nexus frameworks in general 
and at the urban scale, classifying studies based on the conceptual 
framing and modelling, finding that quantitative rather than qualitative 
approaches predominate. Not surprisingly, issues of institutional struc-
ture, governance, equity, resource access, and behaviour were under-
developed. The framing of the nexus often privileges managerial and 
specialised perspectives (Cairns and Krzywoszynska, 2016), mis-
representing its socio-technical nature and relegating the nexus debate 
to the scientific and technology sphere (Williams et al., 2014) rather 
than its political dimension, such as governance (Artioli et al., 2017) and 
fair resource distribution. 
Broadly, the term nexus defines a system within which elements (e.g. 
food, energy and water) interact through feedback loops. This requires 
analysing the elements together to understand their interaction. Each 
conceptualisation is shaped by the system’s boundaries of the nexus. For 
example, the EU-funded W4EF project (W4EF, 2015) focuses on water 
availability and how water is used for energy production, similar to the 
one developed by Rodríguez et al. (2013). In these assessments, the 
nexus is conceptualised as a water-energy system in which water for 
energy production and energy for water extraction, processing and 
distribution affect their optimal usage. Another conceptualisation fo-
cuses on the interaction of Climate, Land, Energy and Water (CLEW), 
applied to a modelling framework that maps flows of resources and 
particular connections between them, within the production of partic-
ular crops (IAEA (International Atomic Energy Agency), 2009). More 
conventionally, WEF Nexus Tool 2.0 (Al-Saidi and Elagib, 2017) con-
siders water, energy and food. 
Defining system boundaries is complex and often contentious 
because it excludes some elements to make the analysis manageable. 
Wichelns (2017), for example, contends that a food/energy/water nexus 
should also include elements fundamental to agricultural production 
such as land availability and management and crop selection, which 
influence water and energy consumption. In their review of macro-level 
nexus assessment tools, Dai et al. (2018) find that, of 35 tools examined, 
seven elements are used in different combinations that attempt to cap-
ture the dynamics of interaction between resource use and ecosystems: 
water, energy, food, land use, climate, economy and ecosystems. The num-
ber of elements included in each tool varies with five combinations 
identified: water-energy (WEN); water-energy-environment (WEEN), 
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water-energy-food (WEFN), water-energy-food-ecosystem (WEFEN), 
and water-energy-land-climate (WELCN). 
This issue of analytical scale cuts across boundaries and methods. In 
their review of nexus papers, Newell et al. (2019) concluded that 
although spatial scale was generally recognised, the operationalisation 
of multi-scalar interactions was limited. Shannak et al. (2018) identify 
three scales as interconnected (i.e. national, regional, watershed). Zhang 
et al. (2018) refine this structure of nested scales from transboundary, to 
national, to regional to city level. In a study reviewing 469 papers, 
Zhang et al. (2019) find that urban scale nexus studies are growing yet 
remain scarce. Only some studies offer an assessment framework (see 
Appendix 1). The urban nexus is mainly analysed using national 
aggregated resource use data, with a few analyses based on household 
level data. For example, Cheng (2002) examines the water-energy nexus 
of households in Taiwan in terms of energy required to use water. 
Spiegelberg et al. (2017) survey 176 households in the Laguna Lake 
area, Manila, to identify synergies between fishers and farmers. Only 
one study focuses on UA (Miller-Robbie et al., 2017) utilising a 12m2 
case study area in Hyderabad to identify GHG emissions reductions 
when treated wastewater is used for UA irrigation. 
Water and energy resources are best examined at a regional, national 
or international level (Biggs et al., 2015), but cities are particularly 
important because, as population centres, they determine the intensity 
of global resource flows. Cities are also the places where the 
socio-technical implications of resource use are more evident and where 
the nexus debate can shift from the sociotechnical to the socio-political 
and technical (Artioli et al., 2017). Issues of access, ownership, man-
agement and interaction with technology become more evident in dense 
urban environments. Zhang et al. (2019) characterise the urban context 
of the nexus as one with resource interdependency (i.e. all sectors are 
linked and higher usage in one affects the others); resource provision (all 
sectors are based on materials flowing from outside the urban context); 
and system integration (following the above, the identification of the 
system of flows in which the nexus is located and from which its func-
tioning is affected). 
Although the role of humans and social processes in the nexus has not 
been clearly addressed, researchers have made various attempts to 
include behaviours and social processes in nexus analyses. For example, 
a tool developed for FAO treats society as an element of the system and 
therefore includes social variables. MuSiasem (Giampietro et al., 2013) 
is an assessment tool promoted by FAO employing a fund-flow frame-
work for socio-ecological system assessment. Funds, including labour, 
capital and land, are elements which act in system regulation by con-
verting factors. 
Despite interest in incorporating social dimensions in nexus models, 
MuSiasem and other assessment tools that consider the livelihood of 
communities (Biggs et al., 2015) are exceptions; most nexus tools 
encompass physical rather than social variables. This narrow bounding 
of the nexus is a significant limitation because human factors play an 
important role in resource consumption. For example, farmers use 92 % 
of the water consumed in the food supply chain (Allan et al., 2015). A 
global estimate suggests that ‘at least 90 % of the world’s more than 570 
million small farms (less than 2 ha) are held by an individual, small 
group of individuals, or household’ (Lowder et al., 2016). 84 % of these 
farms are small (less than 2 ha). Because the farming techniques, and 
therefore use of resources, in these small and family farms are likely to 
be influenced by ecological awareness, culture, local practices, as well as 
economic and technological variables, social factors are important to 
include in any assessment. Understanding the interaction between 
people and their day-to-day attitudes towards food production and 
resource exploitation is fundamental to a systemic understanding of the 
nexus. 
Methods for nexus analysis have been borrowed from other research 
areas such as LCA or Value Chain Analysis (Dai et al., 2018). Zhang et al. 
(2019) identified eight methods commonly used in combination to 
model the nexus: 1) Investigations and mathematical statistics; 2) 
Computable general equilibrium modelling; 3) Econometric analysis; 4) 
Ecological network analysis; 5) LCA; 6) System dynamics modelling; 7) 
Agent-based modelling; and 8) Integrated index. For example, Karabulut 
et al. (2018) combine a matrix with indicators, an LCA to complete the 
initial assessment and a final experts’ consultation to evaluate qualita-
tively the results of the assessment. Dai et al. (2018) lament that most 
tools are concerned with quantitative assessments but few consider 
policy and/or governance pathways enabling effective nexus policy 
implementation. Some frameworks to embed the nexus in policy include 
one developed by Gain et al. (2015), which uses the phase of the policy 
cycle (i.e. agenda setting, policy formulation, decision-making, imple-
mentation and evaluation) to identify local priorities and effective pol-
icies. Halbe et al. (2015) propose tools for systems thinking such as 
Causal Loop Diagrams developed through stakeholder engagement. 
These diagrams map diverse factors and their negative or positive 
interactions. 
In cities, the nexus can also be represented in terms of urban meta-
bolism, whereby flows of materials ‘enter, undergo transformations, and 
then exit the city.’ (Walker et al., 2014). Nexus tools and urban meta-
bolism studies share some analytical methods. For example, Wang et al. 
(2017) use input-output analysis to model the water-energy nexus. Each 
tool varies in terms of assessment methods, often combining more than 
one. It is therefore worth identifying an overarching structure to which 
tools can conform. FAO Nexus 1.0 (McNamara et al., 2014) offers one 
composed of three steps: (1) context analysis (qualitative analysis); (2) 
quantitative assessment (quantitative analysis, application of inpu-
t/output tools; assessment of interventions; comparison of in-
terventions); and (3) response options (strategic visions; policies). This 
overall structure maps well against the one used for urban metabolism, 
formulated by Zhang (2013), which includes four steps: (1) process 
analysis; (2) accounting and assessment; (3) modelling structure and 
function; and (4) optimisation and regulation. There is conceptual and 
methodological overlap between these two fields, and urban metabolism 
shares the city as the spatial focus of investigation with the UA nexus. In 
fact, the most prominent urban nexus approach to date has been urban 
metabolism modelling, largely in the field of industrial ecology. But this 
modelling has been rather static, looking at the flows in isolation, while 
social and economic aspects have been largely absent. The following 
section will briefly review existing UA assessment tools to subsequently 
build on the review of nexus tools and propose one that is specific for 
food growing in cities. 
2.2. Urban agriculture: tools of assessment 
Although official figures are unavailable, UA is expanding, increas-
ingly recognised in urban policies as green infrastructure (Cohen and 
Wijsman, 2014) and an important part of larger urban food systems. A 
growing literature on UA describes its potential to produce significant 
amounts of food, although with mixed results. Studies from Detroit to 
Barcelona indicate that cities could produce between 18 % and 100 % of 
their vegetable demand, with estimates varying widely based on city 
morphology, climate, research methods used, and estimates of farm 
productivity (see, for example, Colasanti et al., 2012; Garnett, 1999; 
Nadal et al., 2017; Saha and Eckelman, 2017). 
To effectively estimate the potential for city-wide production, re-
searchers must effectively account for the production scale at individual 
sites, which can be difficult. UA projects are often small (smaller than 
small farms defined above), are generally not managed professionally, 
but rather with volunteers, making the collection and aggregation of 
reliable data difficult. Whereas nexus studies are often based on sec-
ondary data from national statistics agencies, UA studies must rely on 
farmers and volunteers to gather primary data. A few studies have tested 
data gathering based on citizen science, which, although aimed at col-
lecting basic data have the merit of being replicable, easily implemented 
and therefore likely to be used by other farmers. For example, CoDyre 
et al. (2015) studied 50 farmers in Guelph, Ontario, to evaluate the 
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productivity of the land, labour and capital used by urban gardens. 
Farmers compiled diaries to track food production and inputs, coupled 
with a random telephone survey to determine how many people in the 
city had a food garden to enable scaling up the data. Pourias et al. (2015) 
interviewed 23 farmers at the start of the growing season and 14 farmers 
at the season’s end, in a sample of community gardens in Paris and 
Montreal. Like the previous study, farmers were asked to keep diaries 
over the growing season to record crops and harvests, including crop use 
and its final destination. McDougall et al. (2019) developed their study 
from data collected over one year by 13 gardeners in the Sydney area. 
This study is particularly interesting for its nexus approach to UA; it 
attempts to measure production effectiveness in terms of energy use and 
labour, considering correlations between food, energy and people. 
Water was excluded from this study ‘as accurate measurement of this 
was judged to be too onerous for most gardeners’ (McDougal et al., 2019 
- Supplementary Information, p. 3). Another study measured the nexus 
potential of UA in Munich, verifying the resource efficiency of rainwater 
harvesting for irrigation and energy production through biogas (Gond-
halekar and Ramsauer, 2017). 
Selected studies and tools for measuring UA productivity are shown 
in Table 1. Farming Concrete, Harvest-ometer and MYHarvest are all 
online tools. Farming Concrete has the widest scope of analysis, taking 
into account variables such as: the types of crops planted and harvested; 
waste management and the quantity of compost produced; numbers of 
volunteers; the time worked and the number of attendees at events; 
perceived improvements in mental and physical health from visiting or 
working in the garden; and economic data on produce sales and food 
donations. It was designed as a citizen science project to enable gar-
deners to build political support by demonstrating the gardens’ value as 
sources of healthy food (Gittleman et al., 2012). Harvest-ometer mea-
sures the amount of food produced per garden and its monetary value. 
MYHarvest is a newer project with no findings to date, but it plans to 
collect data on areas planted and volumes harvested of the 40 most 
popular UK fruits and vegetables to estimate the current levels of UK 
own-grown production, and the extent to which it could be increased if 
more urban land was available for cultivation. Additional tools for 
measuring the health and wellbeing generated by UA initiatives have 
been catalogued by the organisation Social Farms & Gardens (Turner 
et al., 2016). 
Other studies have attempted to measure difficult to quantify bene-
fits of UA such as the ‘ecological viability’ of community garden prac-
tices (Guitart et al., 2015) or city scale ecological, economic and social 
functions (Horst et al., 2017) using an index system (Peng et al., 2015). 
Goldstein et al., 2016a, 2016b use LCA and material flow analyses to 
measure the environmental impacts of UA (see also Sanyé-Mengual 
et al., 2018; Goldstein et al., 2017). Together with the tools mentioned 
above, these and other studies (Weidner et al., 2019) attempt to generate 
a systemic view of UA. Some similarities can be drawn from nexus 
studies, specifically attempts to elicit the multidimensional aspects of 
UA and trace flows of resources. There are also differences, in that 
people are central in UA studies and assessment frameworks, in terms of 
practices, ecological awareness, knowledge creation and their involve-
ment in data gathering. The following section synthesises a methodo-
logical approach to measure a UA nexus. 
3. The FEWP nexus: a framework for assessing urban agriculture 
Based on this existing literature conceptualizing and operationaliz-
ing the FEW nexus, we conclude that for an effective assessment of UA, 
FEW must become FEWP (Food-Energy-Water-People) and that the 
assessment framework methodology must connect the small scale of UA 
project with the urban scale. Drawing on existing methods highlighted 
in the second section of literature review, we propose the FEWP Nexus 
framework for assessing UA, a novel combination of analytical methods 
that document complex relationships in a nexus perspective. 
3.1. Conceptualisation of the FEWP nexus 
The conceptualisation of the transition from FEW-nexus to FEWP 
nexus was mainly based on: (i) including the human factor in the 
analysis; (ii) identifying and quantifying social factors related to mate-
rial and energy flows; and (iii) the approach to FEWP-nexus in various 
spatial scales from the site to the city. A framework for assessing the UA 
nexus must include human behaviour because, as noted above, within 
Table 1 
A selection of the existing tools to measure UA outputs.  
Category Name/reference Data collection Category of 
indicators 




see also (Gittleman et al., 2012) 











Number of volunteers 
Number of participant hours per task 
Number of person hours per project (e.g. building a 
fence) 
Skills and knowledge sharing 
Reach of programmes 
Health data 
Changes in attitude to fruit and vegetables 
Good moods in the garden 
Healthy eating 







Online tool Food production 
Weight for each crop 
Value for each crop 
MyHarvest 
(https://myharvest.org.uk/) 
Online tool Food production Weight for each vegetable or fruit 
Growing area for each vegetable or fruit 
Participative 
study 
Harvest Notebook (Pourias et al., 2015) Data recorded in a 
diary 
Food production 
Weight for each crop 
Frequency of harvest 
Type of preparation (food processing) 
Destination of food 
Annotation on practice  
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an urban context composed of small parcels used to grow food, and 
farmers who may not prioritise production and rarely have professional 
training, resource use and crop yields are largely influenced by highly 
variable behaviours, individual knowledge and social attitudes, in 
contrast to conventional farmers who often operate with planned 
organised deployment of inputs and practices, many defined by 
contractual arrangements with buyers or technological requirements. 
Hence, a conceptualisation of the UA nexus must include people, 
intended as individual behaviours and practices, social objectives 
driving individual UA projects, and the involvement of communities 
within a human-driven system of food growing. As Covarrubias (2019) 
argues, material-focused methodologies need to be complemented with 
a social flows analysis that pays attention to the daily practices, policies, 
ideologies, networks and socio-cultural meanings that influence 
resource use. Likewise, in a study of Sydney, Newman (1999) included 
social factors enabling liveability, such as local leisure opportunities and 
educational attainment under the assumption that cities are social 
organisms. 
Identifying and quantifying social activities and related benefits can 
explain how their attainment can influence production and resource 
consumption. For example, in a community garden, volunteers carrying 
out gardening activities and acquiring horticultural skills will also learn 
about healthy diets and may change their eating habits accordingly. 
Once quantified, these social resources and “products” (i.e. social goods) 
can be assessed in parallel with biophysical resource flows via tradi-
tional nexus and metabolism methods. In addition to energy and water 
inputs, capital costs and labour can be considered. Likewise, in addition 
to produce and waste as outputs, social benefits and harms can be 
included. This enables explicit integration of material and social flows 
and allows researchers to highlight trade-offs between resource usage, 
production and wider benefits to society. 
Another important point for the conceptualisation is consideration of 
the scales within which UA operates. UA projects vary greatly in phys-
ical dimensions, goals and objectives, and scope of activities. The goals 
may range from spaces for leisure, to providing social benefits, to 
commercial-scale food production. Patterns of utilisation of resources 
can change, depending on the particular agenda of each UA project and 
the way practices are organised (e.g. in allotments, city farms or com-
munity gardens). The UA nexus must therefore take into account these 
diverse production and consumption patterns within a network of small 
projects/farms that can have an influence over the entire system of 
urban flows. The analysis of the UA nexus at a single farm level can also 
lead to an understanding of the nexus at a city scale. While the aim of a 
nexus framework is to determine the best options to influence decision- 
making processes and policy, the UA nexus framework is concerned with 
both the urban policies determining resource use and measuring the 
level of agronomic knowledge and ecological awareness of urban 
farmers to affect their behaviour. 
3.2. Design of a new assessment framework for UA 
The FEWP assessment framework aims at measuring farmers’ prac-
tices and actions, which are at the core of some UA assessment tools 
reviewed here, as well as understanding the interconnectedness of re-
sources and food. It is based on indicators, a system of data collection 
and the elaboration of the data collected with urban metabolism 
methods. As an initial step of the FEW-meter project, a nested scale 
analytical approach was identified as appropriate: from farm-to-city 
level. This entails working with farmers to gather data from individual 
UA sites, analysing data collected from a pool of case studies, and using 
this analysis to perform material flow analysis at a city scale. The 
resulting assessment tool is structured around the four steps of the urban 
metabolism assessment as follows (Fig. 1). 
3.2.1. Process analysis 
Identification of the indicators representing the four elements of the 
FEWP nexus and methodological approaches. 
Differences in configuration, labour structure, and location for each 
UA type affect material and social inputs and outputs. Data collection 
must be developed using indicators that are meaningful to growers with 
manageable methods that may differ depending on the UA type. To this 
end, the list of indicators must be co-created, and the research questions 
developed via those indicators must be relevant to the specific cases 
under analysis. Gardeners in individual allotments may be, for example, 
less interested in maximising food production than farmers in city farms. 
The diagram below (Fig. 2) shows how indicator categories charac-
terised as inputs and outputs of a process are distributed across the four 
elements of the UA nexus, including four categories of social benefits: 
health; education; community-building; and economics (Artmann and 
Sartison, 2018; Cohen et al., 2012; Gittleman et al., 2012; Lovell, 2010; 
Holland, 2004). A list of relevant indicators was co-produced by re-
searchers on the FEW-meter team and participant growers (Appendix 2). 
Temporality and indicator scale varied across and within the nexus el-
ements, and multiple tools were developed and deployed to collect these 
data. 
3.2.2. Accounting and assessment (data collection and analysis) 
As outlined previously, many of the most successful methods of 
measuring UA productivity have relied on participatory citizen science, 
emphasizing collaboration and equal partnership between researchers 
and growers. FEW-meter builds on this tradition by expanding the range 
of data types collected to include: food productivity, resource con-
sumption, farm and farm infrastructure, and social dynamics at the farm. 
UA food productivity, resource consumption, and farm infrastructure 
have been studied extensively, but rarely in combination and almost 
never through participatory means. Farm social dynamics have very 
rarely been considered by these few “integrated” assessments. 
Methods for data collection need to be flexible and adapt to local 
capacities; within FEW-meter, variation between farms within and 
across cities meant that data were collected in different formats with 
varying frequency. Data collection tools included: digital and paper 
“diaries” of resource use and food production; in-person surveys of farm 
infrastructure and farm biophysical make-up; survey questionnaires of 
growers and grower organizations; secondary data collection (e.g. 
spatial data); soil quality surveys; and interviews with local UA experts 
and policy-makers. Each country engaged in a similar process of 
consultation, resulting in some data collection conducted by urban 
growers (e.g. resources consumed and food produced) and some 
collected by the research team during visits to case study sites (e.g. 
material and equipment used, trips to garden, soil quality and social 
Fig. 1. Structure of the UA nexus assessment process.  
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indicators through questionnaires distributed to volunteers). 
Digital database integration is key for continued assessment of these 
varied data. An initial descriptive analysis can quantify productivity, 
resource intensity, the profile and motivations of growers, economic and 
land use patterns, and soil makeup, among other things. Later stages of 
assessment integrate these characteristics to develop a more holistic 
picture of a UA nexus. In FEW-meter, for example, life cycle assessment 
(LCA) is being used to identify the global environmental impact based on 
an inventory of the materials used to construct raised beds, poly-tunnels 
and other structures and material inputs used to organise food produc-
tion and productivity and local crop market data. As social flows are also 
considered part of the outputs, negative environmental effects can also 
be weighed against social benefits. Various farm-scale integrated as-
sessments are possible, but these insights reach their fullest policy 
relevance when modelled at the city scale. 
3.2.3. Modelling structure and function 
FEW nexus assessment at the urban scale has been scarce to-date. 
This is particularly true in the context of UA, where calls to integrate 
material and social inputs and outputs at the city scale have largely gone 
unanswered, and discourse around UA remains centred on food pro-
duction. Existing evidence indicates that food from UA is at best com-
parable in impact-intensity to conventional agriculture and is often out- 
performed by conventional agriculture, especially in northern climates 
(Goldstein et al., 2016a, 2016b; Shiina et al., 2011). In this framework, 
we integrate qualitative data from interviews with local experts and 
policy-makers with spatial land use data to assess the potential for the 
expansion of urban agriculture and urban symbiosis. Through this, we 
“scale up” flows of material and social goods to city scale through spa-
tialized scenario analysis. 
3.2.4. Optimisation and regulation (optimising the process and producing 
policy recommendations) 
Data analysis will be presented to growers in final workshops in each 
case study city, designed to validate findings and discuss improvements 
in efficiency of practices, and impacts and motivations of growers and 
volunteers. The workshop participants will also discuss modelling of the 
city-wide flows of materials and social goods, enabling a focus on policy 
opportunities and barriers. These workshops will lead to a city-based 
roadmap for practitioners and policy recommendations. 
4. Application of the FEWP framework: Case study of a London 
community garden 
This section shows how the FEWP nexus methodology can be applied 
by describing the phases of co-creation, data collection and analysis of a 
specific case study, the 2019 growing season of a London community 
garden. This case study is one of 89 gardens analysed in the overall 
project. The FEW-meter project is in its second year of data collection, 
culminating in city scale aggregation of the two years of data that will be 
used in a city-scale material flow analysis modelling inputs-outputs of 
urban agriculture. This case study therefore includes only on two 
already completed steps in the process outlined in section 3. 
The community garden for this case study is located in the centre of 
London and was established to improve ‘the physical and emotional 
well-being of those who live, work or study in the surrounding areas’. 
The garden organises multiple activities, including sport and community 
activities for local groups, a horticultural training programme for people 
with learning disabilities and mental health issues, supervised activities 
for children aged 0–14 and their families, and a permanent experiment 
of a closed-loop food growing process, including consumption in the 
garden’s café and an anaerobic digester producing biogas and fertiliser. 
The community garden occupies 350 m2 within a larger area that in-
cludes a community hub and a shed for the anaerobic digester. 
4.1. Step 1 - process analysis 
An initial list of indicators and methods for data collection was dis-
cussed in a workshop with community garden managers in London, 
January 2019. Although UA types vary by country, in the UK, commu-
nity gardens are organised and run by a group of urban growers, 
engaging with local communities. The food produced is generally shared 
amongst the growers or sold to fund activities. London members of So-
cial Farms & Gardens (SF&G), the national association representing 
community gardens and city farms, were identified as the population 
from which sample farms could be drawn. Through SF&G, a call was 
launched to all community gardens in London, and those that responded 
were visited. Out of 30 projects visited, 10 agreed to collect data, with 
one withdrawing two months after data collection started (March 2019). 
In the workshop, the participants discussed the reluctance of urban 
growers to engage in research projects. Community gardens often work 
beyond capacity in terms of people and resources and although research 
is valued, gardens must prioritise their activities. There was agreement 
on the value of measuring the indicators we proposed since they 
Fig. 2. Main categories of indicators for a UA nexus framework of assessment.  
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included several important dimensions of UA, but participants remarked 
that such comprehensive data collection required time and effort beyond 
their capacity. Some community gardens lacked meters to record water 
consumption or equipment to collect other data. Garden activities often 
rely on volunteers, making it difficult to assign repetitive measurements 
to one person, making data collection less consistent and reliable. 
4.2. Step 2 - Accounting and assessment 
4.2.1. Data collection 
The urban growers of this case study decided that the most practical 
method of self-recording was to use a hand-written diary. Other UK 
community gardens chose to share an excel spreadsheet with the 
research team or to send weekly photos of harvest and resource con-
sumption hand-recorded on a whiteboard. Data in the community gar-
den was collected from March through October 2019. Fig. 3 includes 
charts with some examples of the data collected through the diaries and 
gardener surveys. 
The garden produced 1.3 kg of 22 different crops per m2 cultivated 
area. Energy consumption was estimated for the facilities in the garden’s 
community hub during the hours spent gardening. Travel to the garden 
by the two chief gardeners and 5 volunteers who regularly helped during 
the months of data recording amounted to almost 6000 km, mostly by 
subway. This high figure for travel is partly due to the scale of the city 
and the significant outreach of the project, which attracts volunteers 
from neighbouring areas. 
Two charts in fig.3 illustrate motivations to work at the farm re-
ported by 14 volunteers, as well as the perceived social impacts of 
participating. The main motivations include contributing to community 
building, working outdoors, interacting with others and engaging in a 
fun activity. The most positive impacts include enhanced self-confidence 
and improved interaction with others. In the questionnaire, motivations 
included benefits such as learning new skills and impacts such as saving 
money and gaining employment skills. These were not recognised as 
very important by the respondents. Their responses may be related to 
their socio-economic status or the agenda of community gardens, which 
prioritise community building activities. The agenda of this garden 
might also explain its relatively modest food production. However, as 
noted, the value of social impacts is high and can be considered a 
tangible output of the resources the garden consumes to produce food. 
Other indicators for social benefits were collected, including the number 
of social and educational events, which can indicate the broader impact 
of each UA project on the surrounding community. Between March and 
October 2019, this community garden organised 59 events: 5 educa-
tional and 54 aimed at community-building. 
4.2.2. Life cycle assessment (LCA) 
LCA is a four-stage, iterative process, conducted as participatory 
research in this case. First, researchers and gardeners defined the goal of 
the process, including the system product of interest (food), the func-
tional unit (e.g. one kilogram or 100 Calories of crop), and the study 
outputs (publication, as well as hotspot analysis to identify key areas of 
crop production resource intensity. Next, the scope of work was defined 
as the 2019 growing season. Researchers and gardeners worked together 
to inventory all garden inputs and outputs. Researchers measured and 
catalogued all infrastructure, including raised beds, hoop houses, and 
compost bins. Growers recorded harvest, water use, supply use, and 
farm activities. We used this inventory to assess the “impact” of garden 
output as global warming potential per unit harvested. In the process, 
infrastructure and supply inputs were converted to generalized mate-
rials with associated embodied impacts. Materials in this garden varied 
from glass to reclaimed wood to compost, each with its own environ-
mental footprint derived from the EcoInvent database (Wernet et al., 
2016). Through various allocations, these impacts can be “assigned” to 
crop outputs. This is expected to be accomplished through allocation by 
nutritional value, by economic value, and by mass. Preliminary results 
suggest that impact per kg may be comparable to conventional crop 
production. These results will be used to inform Steps 3 and 4 in the 
FEWP nexus framework. 
5. Discussion 
The case study documents a partial application of the FEWP assess-
ment framework, which, to be effective, must include additional case 
studies. The research project testing the assessment compares samples of 
89 case studies of three different types of UA, allotments, community 
gardens and social farms, to identify patterns of productivity and 
resource use across case studies, cities and countries, and to include 
organisational and social factors that may affect such patterns. While the 
case study presented does not include the LCA of inputs, this is part of 
the assessment framework, in addition to analyses of yields, water and 
energy, indicating the real impacts of the materials required to support 
urban food growing. 
The case study illustrates the value and limitations of the FEWP 
framework. For example, we estimated that the project used 122 L of 
water and 3kwh of electricity per kg. of produce harvested, an 
Fig. 3. Charts visualising harvest, resource consumption, motivations for gardening and positive impacts of this activity on the gardeners.  
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admittedly rough measurement since the farm is a polyculture and 
cannot record irrigation by crop, a known challenge in urban agricul-
ture, where polycultures are ubiquitous. The researchers considered 
collecting energy and water consumption data per crop but decided after 
consulting growers that this was unfeasible. Further, observations and 
conversations with growers enabled us to record data idiosyncrasies in 
all projects, to ensure reliable analysis of the results. For example, in the 
London community gardens, gardeners/managers coordinate tasks such 
as watering, weeding and harvesting, but the work is done by volun-
teers, some of whom have limited gardening experience. Excessive wa-
tering and misreading the metre occurs, reducing reliability of water 
measurements. Irrigation varies greatly by crop, weather conditions, 
local climate and soil composition, making it difficult to establish a 
baseline to assess irrigation efficiency for the case studies. In this case 
study, 22 different crops were harvested, including potatoes, tomatoes 
and lettuce. In a LCA study on the vegetables sold (not necessarily 
produced) in the UK, Frankowska et al. (2019) report water use of 95 
L/kg of tomatoes, 47 L/kg of potatoes and 46 L/kg of lettuce, thus 
suggesting high water consumption by the case study garden. The case 
study garden used no energy for the growing process, but we accounted 
for energy indirectly connected to food production from the community 
hub (e.g. for laptops, office lighting and kitchen equipment). 
The farm produced 1.34 kg of food per m2 productive area. This is 
comparable to the yield from 20 allotment sites and community gardens 
in Paris and Montreal, which varied from 0.46 kg/m2 to 1.96 kg/m2 
(Pourias et al. 2014). However, it is lower than a sample of 13 gardens in 
Sydney, Australia that ranged from 1.99 to 15.53 kg/m2 (McDougall 
et al. 2018). Our yield estimate is only an approximation of productivity 
because it aggregates the total harvest per m2 total cultivated area rather 
than the yield of each crop per m2 of area cultivated with that crop, 
recognising that yields in kg. can vary by the type of crop (e.g. potatoes 
vs. lettuce). Finally, trips to the garden were measured. In the case study, 
travel impacts were particularly high compared to other case studies, in 
part a consequence of the garden’s popularity, which attracts many 
volunteers travelling to the site by public transport. Preliminary LCA 
results indicate that global warming potential from trips to this garden 
may be considerably higher than global warming potential from the 
garden’s infrastructure and supplies. Since worker travel is often 
excluded from LCAs of conventional agriculture, this warrants 
continued attention as comparative assessments seek to identify 
environmentally-friendly food growing strategies. 
Although the case study data suggest that resource use does not yield 
much produce, the FEWP nexus perspective considers social benefits 
such as the effects of gardening on volunteers’ overall mood and 
improved interaction with others, two significant impacts claimed by 
the respondents to our questionnaire measuring social benefits. Between 
March and October 2019, the community garden organised 59 events: 5 
educational and 54 aimed at community-building. A simplified cost- 
benefit analysis of the social impacts of this community garden found 
that the economic benefits of improved wellbeing of the volunteers were 
substantial compared to garden costs (Schoen et al., 2020). The FEWP 
nexus incorporates these benefits in the final evaluation and as an output 
of resource use. Another important factor is the sharing of data analysis 
with urban growers, which may help them reflect on their practices. In 
early 2020, a workshop in each country discussed 2019 data assessment 
and key findings. From a FEWP nexus perspective, it is fundamental to 
co-create solutions to improve environmental efficiency and social 
benefits. 
There are limitations in the framework’s effectiveness. Data reli-
ability must be monitored and validated, as data recorded by volunteers 
may be inaccurate. Researchers can mitigate risks by reviewing data, 
question incongruencies and compare data over two or more years to 
increase reliability. 
The FEWP framework presented here is not comprehensive. For 
example, the valuation of ecosystem services is not included. In other 
contexts, ecosystem services are an important unifying metric by which 
various dimensions of project success may be monitored (Tallis et al., 
2008). Analytical frameworks initially designed to elicit links between 
ecosystems and the cultural services they can provide (cascade model), 
have been used to study connections between UA and social cohesion 
(Petit-Boix and Apul, 2018). For some parameters, the FEW-meter 
overlaps with categories of the ES valuation system (e.g. measuring 
the provision of food, or socio-cultural services such as physical or 
mental health) and thereby it contains some elements of the TEEB 
framework (Kumar, 2011). However, the FEWP framework was not 
designed to assess ES and has not adopted valuation of ecosystem ser-
vices as a universal single-metric system. This is also due to the difficulty 
of valuation across space and time, a well-known challenge in payment 
for ecosystem services programs (Atkinson et al., 2012). However, such 
an effort is likely to be useful locally as a compelling demonstration of 
the value of allocating desirable urban land for UA. 
Tools for combining physical and social outputs of urban agriculture 
are rare and incomplete. It is often difficult to assess the wide diversity of 
actors and elements of UA projects, partly because there is still incom-
plete recognition that some UA settings produce greater social benefits 
than benefits of food production. This differs according to the (human) 
values and (physical) nature of the space. Therefore, UA diversity is one 
of its major challenges to evaluation and assessment, especially when 
trying to apply the FEWP model to diverse UA settings as part of FEW- 
meter. 
The FEWP enables better integration of physical parameters and 
social elements which could support advocacy of the value of these 
spaces to policy makers. There still exists a ‘double edged’ challenge of 
research conduct and dissemination in settings where both projects and 
stakeholders are so diverse. First, researchers must make such an 
approach accessible to practitioners who value the resulting data espe-
cially with local interpretation and reflection. Second making the out-
puts accessible and understandable to urban policy decision-makers is 
challenging. The FEWP Nexus can provide a process by which the broad 
value of UA can be demonstrated. 
6. Conclusions 
This paper aimed to investigate the structure of a framework to 
assess UA from a nexus perspective by investigating three key questions: 
(1) is the conventional concept of the nexus appropriate for UA?; (2) 
what can be learned from the nexus concept?; and (3) which indicators 
and analytical methodologies can effectively identify links between re-
sources used, food production and social benefits in UA? Our research 
has demonstrated the importance of addressing the social dimensions 
and the need for a UA nexus to be a Food-Energy-Water-People (FEWP) 
nexus. In UA, the social dimension refers to behaviours and policies 
driving resource use and production as well as to a range of outcomes 
made possible by using food production as a catalyst for social benefit. 
Generating social benefits through food production may require UA sites 
to operate less productively or efficiently than conventional farms that 
seek profitability, demonstrating the inextricable nature of social and 
material flows in UA. The UA nexus needs to capture ‘micro-factors’ 
related to the agronomic knowledge, ecological awareness and behav-
iour of urban farmers and the social benefits derived from urban food 
growing, to understand the potential and implications of this practice at 
a city-scale. The methodology enabling a UA nexus analysis must 
therefore focus on a nested scale of investigation: (1) looking at single 
projects to best identify indicators connected with material flows, social 
benefits indirectly generated by these flows and the level of ecological 
awareness of farmers; (2) subsequently analysing a sample of food 
growing spaces within a city; and (3) using data to model urban social 
and material flows. Data collected by farmers through diaries, com-
plemented by an LCA of the materials employed by each food growing 
space, together with a city-scale material flow analysis, are the appro-
priate methods and analytical tools for this nexus framework. We expect 
that as case studies are developed within the FEW-meter project, the 
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links between social benefits and resource usage will become clearer, 
thus providing an evidence base on the impact of UA that can support 
the formulation of resource-efficient and humane UA policies in the 
Global North. 
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Appendix 1 Review of nexus frameworks relevant to UA  
Authors Objective Nexus Methodology 
Al-Ansari et al., 2015 Assessment for food production, seen as a series of 
subsystems 
Water – Energy - 
Food 
Life Cycle Assessment 
Al-Saidi and Elagib, 2017 Evaluation of the nexus frameworks in terms of effective 
integration into policy 
Water-Energy Food Qualitative analysis – policy and governance for effective 
implementation of the nexus 
Biggs et al., 2015 Connection between resources and the livelihood of local 
communities 
Water – Energy - 
Food 
(Nexus Livelihood) 
Quantitative analysis - matrix including indicators related to 
food, energy and water and the impact of their exploitation 
on the livelihood of local communities. 
Daher and Mohtar, 2015 Determining the impact on local resources and land use 
under different scenarios of food production 
Water – Energy - 
Food 
(Tool 2.0) 
Quantitative analysis / comparative analysis - indicators 
mirroring the particular energy and water usage and 
processing necessary for cultivation under 5 different 
scenarios 
Gain et al., 2015 The organisation of a structured process within which the 
nexus can be examined in policy 
Water – Energy - 
Food 
Qualitative analysis – policy and governance for effective 
implementation of the nexus 
Garcia and You, 2018 Framework to assess the production of bioenergy Food-Water-Energy- 
Waste 
Mathematical model for a bioenergy production 
from agricultural and organic wastes 
Gondhalekar and Ramsauer, 
2017 
Assessment of urban agricultural production Water - Energy - 
Food – Climate 
Quantitative analysis - Simulation of wastewater recycling 
and energy available, resulting in food produced in a district 
in a district in Munich. 
Halbe et al., 2015 Identify optimal nexus strategies using systems thinking 
tools 
Water – Energy - 
Food 
Causal Loop Diagram - data are elaborated and their 
interconnectedness discussed in a stakeholder engagement 
workshop 
Hang et al., 2016 Assessment of local production systems to plan new towns Water – Energy - 
Food 
Qualitative analysis – Mathematical model allowing 
quantification of resource use in all possible interactions 
between subsystems and types of resource 
IAEA (International Atomic 
Energy Agency), 2009 
Nexus determining land availability for particular 
production and the impact on resources, including land and 
emissions 
Climate – Land – 
Energy – Water 
(CLEW) 
Material Flow Analysis 
Karabulut et al., 2018 Food and energy security against the availability of limited 
and vulnerable resources such as water, land and ecosystems 
Ecosystem-water- 
food-land-energy 
Quantitative and qualitative analysis – matrix of indicators 
in which LCA is integrated. Expert judgement to evaluate 
results 
Lin et al., 2018 The nexus seen through advantages that anaerobic digestion 
can yield 
Water – Energy – 
Food - Waste 
Comparative analysis of AD and composting technologies, 
evaluated from a FEW nexus perspective 
Martinez-Hernandez et al., 
2017 
Tool modelling the impact of food production and resource 
exploitation on the ecosystem 
Water – Energy - 
Food – Ecosystem 
(NexSym) 
Quantitative analysis – dynamic modelling of flows 
Mayor et al., 2015 Develop guidelines for the implementation of the nexus Water - Energy - 
Food 
Qualitative analysis – policy and governance for effective 
implementation of the nexus. 
Nie et al., 2019 Framework identifying trade-off in land use for food 
production 
Water – Energy - 
Food - Land 
Qualitative analysis – Framework for FEW nexus modelling 
in relationship to land allocation scenarios. 
Vanham et al., 2016 Study on the impact of diets in Dutch city on water usage 
levels 
Water - Food Qualitative analysis – Study on typical diets in Dutch cities 
and their impact on water availability 
W4EF, 2015 Identify levels of resource usage between two factors of the 
nexus 
Water - Energy 
(W4EF) 
Qualitative analysis – Framework enabling the 
quantification of the impact of energy production sites on 
local water environments. 
Nexus assessment frameworks at an urban scale 
Chen and Chen, 2016 Beijing is used as a case study in which energy consumed 
directly and for water infrastructure, as well as water 
consumed directly and for energy production are identified. 
Water - Energy Network model with quantitative analysis 
(continued on next page) 
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(continued ) 
Authors Objective Nexus Methodology 
Fang and Chen, 2017 Beijing as a case study in which the nexus identified by 
analysing the impact in different sectors of water-energy 
consumption at a territorial scale. 
Water - Energy Linkage analysis – quantitative analysis 
Miller-Robbie et al., 2017 UA case study in Hyderabad, looking at the GHG emissions 
in relationship to wastewater treatment for water used for 
irrigation, compared to those generated by the use of water 




Ramaswami et al., 2017 New Dehli is used as a case study to analyse external and 
internal aggregated flows of water – energy - food 
Water-Energy-Food Quantitative analysis of aggregated data at a city level 
Walker et al., 2014 London as a case study to examine flows of materials and 
their best employment in order to reduce their carbon 
footprint. Urine as a fertiliser is considered. 
Water-Energy-Food Multi-Sectoral Systems Analysis (material flow analysis and 
sensitivity analysis)  
Appendix 2 List of indicators used for the FEW-meter assessment framework   
Category Indicator Unit Collected by 
Water Irrigation 
Water (mains) L Farmer 
Water (groundwater) L Farmer 
Water (rainwater harvest) L Farmer 
Energy energy 
Electricity kWh Farmer 
Renewable energy production kWh Farmer 
Fuel L and type Farmer 
Trips to garden km/week and mode of transport 
Research 
team 




Harvest per crop kg Farmer 
Destination per crop (e.g. farmer, friend, sold, uneaten…) Farmer 
Cost per crop Local currency Farmer 
supplies 
Fertiliser kg and type Farmer 
Herbicide kg and type Farmer 
Pest control / Insecticide kg and type Farmer 
Compost produced locally kg Farmer 
Animal feed kg and type Farmer 




Surface area for cultivation m2 
Research 
team 
Inventory of tools/machinery Number Research 
team 
Inventory of timber, metal, plastic, glass used for fencing, raised beds, 
poly-tunnels, irrigation, greenhouses and sheds 
Volume x each material Research 
team 
Soil Health 
Soil toxicity Soil analysis 
Research 
team 




Educational activities Type and N of events and participants divided by age group 
(under 12 / 12− 18 / 19− 64/above 64) 
Research 
team 
Community activities Type and N of events and participants divided by age group 
(under 12 / 12− 18 / 19− 64/above 64) 
Research 
team 
Socio-demographic profile of farmers and volunteers Age, employment, salary, education etc. 
Research 
team 
Physical and mental health 




Diets Increase in fruit and veg consumption; increase in number 




Average salary (local currency/year) of FTE paid employees Local currency Research 
team 
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